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I N T R O D U C T I O N 
I W T R O D P C T l o w 
Pulses constitute an Important constituent of diets 
of millions of people In India mostly, the vegetarians. 
The crops yielding pulses belong to family ^egumlnoseas. 
They are an Important source of protein,(averaging 22-28%, 
and 45% In soybean) carbohydrates, fats, vitamins and some 
minerals (Anonymous 1977). The total annual area under 
pulse crops In India Is about 22-23 million hectares and 
the production Is about 11-12 million tonnesof grain 
(Anonymous 1991)• 
The protein contents of major pulses are as 
follows -
Pulses 
(Common name) 
Gram 
Pigeon pea 
Moong 
Pea 
Cowpea 
Horsegram 
Soybean 
Botanical Name 
Clcer arletlnum L. 
CaJanus cajan L. 
Phaseolus aureus L* 
Plsum sativum Ro3dt> 
Vlgna sinensis L« 
Dollchos blflorus L. 
Glycine max L. 
protein (% 
17.1 
22.3 
24.0 
19.7 
24.6 
22.0 
45.0 
Pulses besides,source of proteins to vegetarians 
are used as a fodder and a green manure crop. Horsegram 
(Dollchos blflorus) and Pllllpesare are popular fodder 
legumes. Moong and cowpea are excellent green manure crops. 
Fields in which legumes are grown maintain high population 
of rhizobia £or several years after harvest of the legumes. 
(Kucey and Hynes, 1989). Leguminous crops are very connonly 
grown for crop rotation since they are excellent nitro-
genous manure and bring about an increase in the nitrogen 
content of the soil with the help of the nitrogen fixing 
bacteria present in their root nodules (Verma, 1985). 
Thus they help in replenishment of soil. 
With the help of the symbiotic bacteria of the 
genus Rhizobium, the crop is able to ma)ce use of atmos-
pheric nitrogen. Rhizobium spp. show positive chemotaxis 
towards legume root exudates and form clouds at the sur-
face of the legume roots (Malek, 1989). Legume root 
exudates act as biochemically specific chemoattractante 
for the bacterium ^. luteolin of alfalfa roots act as 
chonoattractant for Rhizobium meliloti (I^armtilake and 
Wolfgang• 1992). 
The first step in the Rhizobium-legume nitrogen 
fixing symbiosis is the infectic»i of the host legume by 
specific Rhizobium species and curling of the root hairs. 
Formation of shepherd's crook is a necessary step for 
the formation of infection thread inside the root hair. 
+2 Both cellulose fibrils and Ca dependent adhesins are 
involved in the attachment of specific Rhizobium species 
to host root hair tips, (smit et al 1987). The ctirllng of 
the root hairs has been assigned to the production of 
Indole-acetlc acid (lAA) In the root region by rhlzobla. 
Aromatic amino acid aralnotranaferases In Rhlzoblum 
legxanlnosarxan play an Important role In Indole-acetlc 
acid (3AA) synthesis (Perez et a^ 1989). Rhlzoblum Is host 
speclfic.le.lt is capable of producing nodules on a spe-
cific group of legumes* This specific recognition is due 
to plant lectins (proteins) which bind to carbohydrate 
receptors on the rhizoblal cells (Kosenko et^  al^  1989). 
Rhlzobla enter into the root hairs either through the gaps 
in cellulose microfibrils or by direct invagination of the 
root hair cells. Entry of rhlzobla into roots of Mimosa 
scabrella occurs between epidermal cells (De Faria et al 
1988). 
The infection thread in the root hair enters into 
the cortical cells of the root and branches-. The contents 
of the infection thread is liberated into the tetraploid 
cells of the root cortex resulting in nodule formation. The 
disappearance of the infection thread is due to its degra-
dation within large vacuoles which result from fusion of 
small vacuoles (Bal Arya 1985).A hydrolytic enzyme, which 
is of rhizoblal origin in pea root nodules, is considered 
to be involved in the sequence of events from infection 
thread formation to rhizoblal release in the host cell 
cytoplasm (Chalifour et al 1989). 
The nodxilated legumes contribute a good deal to 
the amoxjtnt of nitrogen fixed in the biosphere.egclover 
£ix about 130 kg/ha and cowpea 62-128 kg/ha. Not all the 
legumes bear nodules on their root systems. On the basis 
of survey of nodulation In plants of 362 geneca of the 
family Leguralnoseae. the nodule forming habit Is general 
In the subfamilies Mlmosoldeae and Paplllonoldeae and only 
a small minority of genera and species of the subfamily 
Caesalplnoldeae form nodulation (Corby 1989). 
All this process of nodulatl(»i occurs In nature In 
soll» therefore, soil factors Influence the development 
of nodules. The soil factors affecting nodulation can be 
classified Into physical and blotlc factors. 
Physical Factors 
Soil Temperature : 
Soil temperature Is one of the major environmental 
factors because It controls the microbiological activity 
In soil. All the processes Involved In the growth of plant' 
rhlzobla relationship are governed by temperature. Tempera-
ture below 10*^ 0 retard root hair Infection by Rhlzobltim 
and temperature higher than 24^c promote the same. Low 
root teraperattire results In low nodulation (Rice and 01 sen 
1988). Elshelkh and Wood (1989) pointed out that the 
tolerance of rhlzobla to salts present In soil Is depen-
dent upon soil temperatxire* Sharroa et al^  (1989) pointed 
out that the high temperature In the seml-arld zones of 
Haryana could be responsible for the low nodulation of 
pigeon pea because the plasmld carrying the nodulatlon 
genes Is cured at 40-45^C giving rise to non nodulatlng 
mutants* 
soil Moisture s 
soil moistxire is one of the basic requirements of 
life« It plays an important role in controlling the nodu-
latlon in plants, osa Afiana et al (1982) pointed out that 
the percentage of cells of cowpea rhizobia and Rhizobiuro 
japonicum surviving was directly related to the quantity 
of water left in soil following dessication. This was 
also influenced by relative humidity* Breitehbeck and 
Yang (1988) suggested that non-saturated flow of soil mois« 
txire contributed to the dispersal of rhizobial inoculint 
i. 
in soil * Postma and Vanveen (1989) later pointed out that 
the initial soil moisture has a direct influence on the 
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distribution and population dynamics of introduced rhi-
zobia* Rhizobial cells survived better in soils with a 
low moisture, than in soils with a higher initial moisture 
content* After the cmset of rain there was an increase in 
the no. of resident rhizdt>ia in the soil but after the 
drying of soil, the no. of rhizobia decreased (Dudeja 
et al, 1989). 
Hydrogen Ion Concentration of Soil i 
The number and size of nodules in the leguminous 
plant root is affected by the substrates on which the 
legumes grow. Leguminous plants grow less luxuriantly 
In acid medium than In neutral or al)callne medium. 
Rhlzobium species of winged bean perform best at soil 
pH 5.5, The performance was low when soil pi was either 
extremely low as 4.5 or high as 7,5 (iruthayas and 
Vlassak, 1986). Acid sensitive strains of RhlTOblum 
lequmlnosarum form a higher proportion of nodules than 
those classified as acid tolerant (Gemell and Roughly 1993). 
Mineral Nutrition : 
Potassium Ions with low oxygen tension Is essential 
for the expression of several bacterdd related ftinctlons 
In Rhlzobium. They have a major controlling Influence In 
bacterold developnent (Gdber and Kashket* 1984). Potassium 
Is reported to enhance the amoxint of nitrogen fixed by 85%. 
The potassium deficiency decreased nodule weight per unit 
root weight only at later stages of growth of plants 
(Cadlsdiet al 1992). Application of additional phosphates 
in soil resulted In greater nodulatlon and this Increased 
the fixation of nitrogen In plants (Sanorla and Maurya 
1987). Cadlsch et al. (1992) reported that phosphorus has 
a direct effect c« nitrogen fixation. They further pointed 
out that severe phosf^orus deficiency leads to a strong 
reduction in nodule weight. Cobalt is an Important cons-> 
tltuent for the formation of vlt Bj2 which was found 
predominantly in bacteroids (Troitskaya and Severova 
1987). Calcium is known to stimulate the nodulatlon in 
plants when it is present as chloride or sulphate. The 
adverse effect of erosion of soil leading to the loss of 
calcium affect the survival of Rhlzoblum In the soil. This, 
however, can be overcome by supplementing the calcium 
supply (Habte and El-Svralfy, 1988). 
Soil Text tire t 
Texture of a soil depends on percent of sand, silt 
and clay. Cowpea rhlzobla survived better In bauxltlc 
silt loam than In clay loam soil (Aarons and Ahmad 1987), 
Rhlzoblal cells declined In loamy sand due to the presence 
of protozoa but when bentonlte clay was Introduced Into 
the loamy sand soil It conferred protection of Introduced 
rhlzoblal cells against predatlon by protozoa (Heynen 
et al 1988). El-Mokadem et al« (1989) reported that the 
nitrogen content in chlc)cpea tissues was higher in plants 
grown in loamy sand soil than those grotm in sandy soil 
inspite of the plant age possibly due to better survival 
of rhizobia in loamy sand soil. The persistence of rhi«> 
zobia on legume seeds could be increased after seed pelle-
ting with clay minerals like kaoline and bentonlte 
(Hoeflich and Ruppel, 1990). 
Salinity and Alkalinity : 
In many arid and semiarid areas of India, crop 
production is limited because of salinity and alkalinity 
or both. Alkalinity of the soil is due to the predomi-
nance of carbonates and bicarbonates in the soil. Siddique 
et al^  (1986) reported that increased salinity reduced the 
number and weight of nodules In pea. Salt stress was shovm 
to be more severe at alkaline pH (Elsheikh and Wood 1989). 
Mlrza and Tariq (1993) suggested that nodule mass and 
number of nodules formed by TrAfolium alex.andrinum dec-
reased with Increasing salinity levels. The nodule size, 
however, remained unaffected idien the concentration of 
sodium chloride was upto 0.4%, but at higher concentration 
the nodulation was reduced. Nair et al (1993) pointed out 
that salt tolerant rhizcAjia *rere less efficient in sym-
biotic nitrogen fixation under non-saline growth conditions 
of legume host possibly due to depression in their nltro-
genase activity dxiring salt stress. Nodule groiifth was 
significantly reduced in treatments involving salt 
acclimated rhizobia. 
Soil Amendments : 
Soil can be amended with certain fertilizers, pes-
ticides, herbicides, insecticides and organic matter etc. 
which influence the microbiological processes in the soil. 
Insecticides namely, Aldrin and Lindane as seed treatments 
lead to a decrease in the number of survivors on the seeds 
of Bengal Gram (Cicer arietinum) inoculated with chickpea 
Rhizobium. There is also a reduction in nodule nximber, 
yield and nitrogen content at all the concentrations of 
insecticides (Suneja and Dogra, 1985). Rate of nodulation 
(in terms of nodule number and dry weight) in Vigna mungo 
was slightly inhibited at lower (l.o um) and severely 
Inhibited at higher concentrations of urea and ammonium 
sulf^ate. The rhlzoblal population size was Inhibited with 
urea but was stimulated with ammonium sulphate. Thus either 
£orm of fertilizers may be applied three weeks after 
germination at very low concentration (Pandey et al^  1986). 
Aggarwal et al (1986) reported that low concentration of 
carbamate pesticides like 1-naphthol* dlmetllan and tre-
matan have little effect on nodulatlon and nitrogen 
fixation by Plaum satlvtan and Vlgna sinensis In the pre-
sence of their respective rhlzobla t^ereas higher concen-
tration adversely affected these processes. Fungicides 
exhibit a higher toxic effect on Rhlzoblum trlfolll. 
Captan and Captafol Inhibited nodulatlon of Rhlzobltm 
trlfolll on Trlfollum alexandrlnum In field conditions 
(Ruiz et al, 1986). Amltrol had a very slight Inhibitory 
action on Rhlzc^luw reelllotl strain. But It had a contrary 
effect on the capacity of nitrogen fixation In the nodules 
(Torralba et al.l987). Torralba (1987) observed that the 
herbicide 2»4-D had Inhibitory effect on growth of 
rhlzobla but had stimulatory effect on nitrogen fixation. 
Blotlc Factor 
Soil Microorganisms t 
Since the rhlzoblal penetration takes place In soil 
biosphere* soil microflora Is bound to affect nodulatl(»i. 
The antagonistic effect of fungi could be due to rayco-
toxlns produced by them. The nodulatlon In so^ean by 
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rhlzobla has been knoim to be reduced by Trichoderroa 
vlrldae. on the other hand Mucor vealculoaue increased the 
nodulatlon and plant growth while Rhizopus nigricans had 
no effect on nodulation (Angle et al^  1981). Polyanskaya 
et a]L (1985) pointed out that vhen actinomycete Strepto-
inyces olivocinereus and chitin were added to the soil* 
the nodule bacterium survived at the first stage of gro%fth 
because nodtile bacteria could grow well on the products 
of Chitin hydrolysis produced by actinomycete. After (50 
days) Rhizobium lequminosaruro died due to the growth of 
soil antagonistic actinomycetes. Purgal et^  al^  (1988) 
reported that the growth of Rhizobium lequminosar\gn was 
inhibited by cxatxire filtrates of saprophytic fiuigi like 
Aspergillus spp. and Fusarium spp. 
It is evident from the foregoing that soil factors 
influence the nodulation in legumes - thus the symbiotic 
relationship between the rhlzctoia and the host legumes. 
When seeds pelleted with rhizobia are sown in soils, 
varied results are obtained at various places. It is 
likely that the soil texture and soil type might be 
different at different places. Moreover, various agronomic 
practices are used for cultivation of crop but very little 
is known about the effect of such factors. 
Lentil and cowpea are pulse crops which are gaining importano 
in re£ent times. Therefore, it is intended to study the 
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effect of sand-80ll concentration with different land 
management practices such as various levels of irrigations, 
fertilizer quantity* harrowing• weeding etc. on the sym-
biotic relationship between the rhizobia and the cowpea. 
The detailed plan of work is given in the following 
chapter* 
R E V I E W O F L I T E R A T U R E 
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REVIEW OF LITERATURE 
The symbiotic relationship between the leguminous 
plants and the bacterium was recognised as early as In 
1838 when Bousslngault pointed out that, the legumes can 
obtain nitrogen from atmosphere when grown In soil which 
was not heated. Later Hellrlegel and Wllfarth (1888) dis-
covered the functions of the nodule* Beljerlnck (1888) 
Isolated and cultured a microorganism from the nodules of 
legumes. Wlnogradsky (1891) discovered the autotrophic mode 
of life among bacteria and established the microbiological 
transformation of nitrogen and sulphur. 
since the discovery of the relationship between the 
bacterium and the leguminous plants* considerable work has 
been done on the process of Infection of bacterium to roots, 
nodule formation and the factors affecting nodulatlon. 
The first stage of the development of host and the 
bacteria relationship Is the adsorption of the bacterial 
cells on the surface of the roots. This phenomenon Is 
Influenced by several factors. Including the host factors 
and the soil factors. The host factors Include besides 
the genetic factor, the exudations coming out of the roots. 
There has been a high degree of host specificity In the 
nodulatlon by bacterium. The bacterium straln/specles for 
a particular host will cause nodulatlon In a particular 
plant only. 
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This fact was, however, first suggested by Rovlra 
(1969). Agullar et al. (1988) reported that sucrose was 
found to have the strongest chemotactlc response among the 
carbohydrates and varrlllyl alcohol among the phenollcs 
produced by the plants. Malek (1989), reported that 
Rhlzoblum species exhibit cheraotaxls towards some amino 
acids, sugars, and other exudates, and extracts from roots 
of legume plants and suggested that sugars were better 
cherooattractants than amino acids but legume root subs-
tances were the best ones. This was supported by the fact 
that a number of iR. melllotl cells were observed at the surface 
of alfalfa roots.DharratHake and Wolfgang (1992) pointed 
out that certain chemicals produced In legume root exudates 
act as biochemically specific chemoattractant for the 
bacterium«eg.luteolln, a flavone produced by alfalfa plants, 
serves as a chemoattractant for R. melllotl*Cell surface 
constituents of the rhlzobla and legume roots are Impor-
tant In Initiating the process of Infection. This was 
first realised by Hamblln and Kent (1973) who reported 
that bean lectin combine specifically with R. phased1. 
Chen et al. (1976) found out that the rhlzobla which do 
not nodulate, are not bound by lectins. Bhuvaneshwarl 
et al^ , (1977) pointed out that there exists a strong 
correlation between the nodulatlng and lectin binding 
capacities of R, japonlcum. Kosenko et al^ , (1989) reported 
that specific recognition between the rhlzobla and root 
surface Is due to plant lectins (proteins) which bind to 
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carbohydrate receptors on the rhlzoblal cells. Dazzo et al^ , 
(1985) further pointed out that specificity of Rhlzobluin 
to host plant roots could be trlfolln A In clover plants 
which helps In the process of recognition. The production 
of extracellular microfibrils by the host cells firmly 
anchor the bacterlxim to the root hair tips. Anolles et ajL. 
(1986) and Sinlt et^  al^ , (1987) confirmed the role of binding 
sites on the root surface In the process of Infection. 
As a result of Infection by Rhlzoblum, the first 
response of the host plant appears to be curling or con-
trolled growth and branching of the root hairs (ward 1887, 
Nutman 1959), Bohlool et^  al^ . (1974) further pointed out 
that there was little or no adhesion between Rhlzoblum and 
plant of heterologous cross Inoculation group. The curling 
of root hairs has been attributed to be due to the presence 
of growth promoting substances (perez et^  al^ , 1989). McCoy 
(1932) suggested that bacterlvim enters Into root hairs 
through mechanical Injxirles, Fahraeus (1957), however, 
reported that Infection occurs near the contact point of 
the two adjacent cells and the first sign of Infection Is 
usually a hyaline spot or swelling In the root hair wall. 
Fahraeus and Ljunggren (1968) pointed out that Rhlzoblum 
strains capable of Infecting a legume release a specific 
polysaccharide which Induces pectolytlc activity by 
the root and causes loosening of the root hair wall 
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Structure thus facilitating the Infection thread Initia-
tion. Chandler et a_l, (1982) observed that In Stylosanthes 
spp. nodule formation occured only at the lateral root 
Junctions whldli was the result of direct Invasion by 
rhlzobla through spaces between epidermal cells. The Invas-
ion of the host cortical cells was through altered cell 
walls. DeParla et al* (1988)» however, suggested that the 
entry of rhlzobla Into roots of Mimosa scabrella occurs 
between epidermal cells. Bal Arya (1985) observed that 
profuse vacuolatlon takes place In the soybean root nodule 
cell where Infection thread carry rhlzobla. The Infection 
thread disappears on the release of rhlzobla in the cell. 
Challfour et ai» (1989) pointed out that a hydrolytlc 
enzyme of rhlzoblal origin In pea root nodules Is consi-
dered to be Involved In the sequence of events from Infec-
tion thread formation to rhlzoblal release In the host 
cell cytoplasm. 
pra)cash et al^ . (1986), while studying bacterold 
branching, found that branched and ellipsoidal bacterl)lds 
In Plsum sativum root nodules were Induced by R.legumlnosarur 
The entire process of nodulatlon In roots occxirs In soil. 
Therefore It Is bound to be Influenced by soil factors. 
The factors affecting the nodulatlon have been classified 
as physical and blotlc factors. 
16 
Phyaical Factors 
Soil Temperature : 
Amongst the different soil factors, soil tempera-
txire is one of the important soil factor* affecting 
nodulation. In many tropical soils*the surface temperature 
is often 40^C or more resulting in the decline of rhizobia. 
(Iswaran et al. 1970). Lipsanen et al^ . (1986), »rtiile 
studying the adaptation of red clover (Trifolium pratense) 
rhizobia to low temperature, reported that differences 
existed between the strains in their ability to nodulate 
the host plant at different temperatures. Rice and Olsen 
(1988), pointed out that low root temperattire resulted in 
substantially low nodule nuinber than the higher root 
temperature. Sharma et £l. (1989) pointed out that the high 
temperatxire in the seroiarid zoaes of Haryana could be res-
ponsible for the low nodulation of pigeon pea because the 
plasmid carrying the nodulation genes is cured at 40°-45^C 
giving rise to non-nodulating mutants. Tolerance of rhizobia 
to salts present in soil is dependent upon soil temperature 
(Elsheikh and Wood^ 1989). 
Soil Moisture : 
Soil moisture and water potential are ccvisidered 
solely from the point of view of survival of rhizobia in 
the soil. Foulds (1971) observed a marked decline of 
rhizobia on drying the soil but the rate and extent of 
population reduction varied with the soil and the test 
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bacterliim.osa-Aflana et_al^(1982) reported that the percen-
tage of cells of cowpea rhlzobla and R. laponAcum sur-
viving was directly related to the quantity of water left 
In soil, following desslcatlon. Breltenbeck and Yang 
(1988) suggested that the non-saturated flow of soil water 
contributed to the dispersal of rhlzoblal Inoculum In 
soil • Fostma and Vanveen (1989) reported that the Initial 
soil moisture has a direct Influence on the distribution 
and population dynamics of Introduced rhlzobla. Rhlzoblal 
cells survive better in soils with a lower, than in soils 
with a higher initial moisture content. After the onset 
of rain there was an increase in the nxanber of resident 
rhlzobla in the soil but after the drying of soil the 
ntjmber of rhlzobla decreased (Dudeja et al. 1989). Yousef 
et al. (1989) while studying the interactive effects of 
inoculation and irrigation on growth and yield of mung 
bean (Vigna radiata L.) observed that irrigation with 80% 
of the evapotranspiration (Etp) gave significantly the 
highest yield of seed and plant top dry matter, inoculation 
with the specific Rhizobium resulted in higher seed and 
dry matter yield than the unlnoculated plants. Venkatesh-
warlu and Ahlawat (1993) reported that Irrigation at a 
ratio of 0.60 IW : CPE (irrigation water depth : cumu-
lative pan evaporation ratio) with two irrigations in 
lentil (Lens culinarls) produced taller plants with 
profuse branching and root nodulation, and had more dry 
matter, pods/plant and grain and straw yields compared 
with irrigation at 0.35 IW : CPE ratio and no irrigation. 
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Hydrogen Ion Concentration of Soil : 
Miinns et al. (1977) pointed out that the use of 
legumes and rhlzobla that are adapted to soil acidity 
reduces the need for Inputs of lime, Mengel et al^» (1978) 
reported that the critical pH for most of the soils, was 
In the range of pH 4.6 to 4,8 and that the nodule number 
and weight, and the nitrogen content of plant tissues 
Increased significantly as the soil pH Increased, Rai et al^ . 
(1983) observed that the range of soil pH and associated 
acidity factors in which nodulation and nitrogen fixation 
responded, varied depending on mutant strains in Rhizobium 
leguminosarum associated with Lens esculanta, 
iruthayas and Vlassak (1986) studied the effect 
of soil pH on nodulation and nitrogen fixation of winged 
bean (Psahocarpus tetragonalotus), They reported that the 
Rhizobium species specified for winged bean perform best 
at soil pH 5,5 and the performance was low i^en soil pH 
was either extremely low as 4.5 or high as 7,5. Helemish 
et ar, (1987) found that R, leguminosarum TAL 271 could 
grow in a wide range of pH and tolerated both moderate 
acidity and alkalinity with optimum pi of S.S.Caetano 
et al^ , (1989) observed that the adsorption of R, mellloti 
to alfalfa (Medicaqo sativa) roots require neutral pH, 
Coll et al, (1989) pointed out that the growth of arrow 
leaf clover was less on soils with reduced pH. Acid 
sensitive strains of R^, leguminosarum form a higher 
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proportion of nodules than those classified as acid 
tolerant (Gemell and Roughly, 1993). 
Mineral Nutrition : 
Andrew and Noorls (1961) reported that nodule for-
mation was calcium sensitive In both tropical and tempera-
te legumes. The survival of tropical legumes on very poor 
soil was due to their ability to extract from the soil 
more calcium than temperate legumes. Growth and activity 
of Rhlzoblum sjjecles as well as effective nodulatlon 
requires an adequate supply of calcium (Frelre, 1976). 
Alroendras et al^ . (1988) reported that the nodulatlon of 
subterranean clover by two of the serogroups 6 and 36 of 
R. trlfolll was differentially Influenced by an application 
of calclxim carbonate which raised the pH of the soil from 
5 to 6.5. Liming the soil with either calcium carbonate, 
calcium hydroxide, magnesium oxide, significantly Increased 
the percent nodule occupancy. The adverse effect of 
erosion of soil leading to the loss of calclxun affect 
the survival of Rhjgoblum In the soil. This, however, can 
be overcome by supplementing, the soil with calcium supply 
(Habte and El-Swalfy, 1988), Phosphorus deficiency Is an 
Important limiting factor for nitrogen fixation and legume 
production. Application of additional i^osphates In soil 
resulted In greater nodulatlon and this Increased the 
fixation of nitrogen In plants (Sanorla and Maurya, 1987), 
Idrls et a^. (1988) reported that application of phosphate 
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at 60, 90, 120 kg/ha to the Bragg variety of soybean 
Inoculated with a mlxtvire of 3 strains of R. japonlciim In 
sllty loam soil significantly Improved the nximber of 
noduleiS per plant and decreased production of shoots 
and roots. C<A>alt Is an Important constituent for the for-
mation of vit, B,2 which was found predominantly In bac-
terolds (Troltskaya and Severova, 1987). Potassium Ions 
with low oxygen tension Is essential for the expression 
of several bacterold related functions In Rhlzoblum. These 
have a major controlling Influence In bacterold develop-
ment (Gober and Kashket, 1984), Mowad et al^ . (1987) %#hlle 
studying the response of faba beans to rhlzoblal Inocu-
lation and fertilization with mlcronutrlents In sandy soil 
reported that rhlzoblal Inoculation and mlcronutrlent 
fertilization either alone or In combination. Improved 
seed yield, total plant dry weight, nodule weight and nit-
rogen content of the legtimlnous plants. They further pointed 
out that the deficiency of Molybdenum (Mb) or Iron (Fe) 
showed negative effect on nitrogen fixation and plant 
gro%^h as compared to Manganese (Mn) or zinc (an) defi-
ciency. Fotalla et al« (1987) pointed out that the appli-
cation of Zinc (zn) and Molybdenxim (Mb) depressed nitrogen 
stress In soil when combined with rhlzoblal Inoculant. 
Simon et al. (1990) while studying the effect of 
titanium In the form of titanium ascorbate on Rhlzoblum 
japonlcum reported that 1 um and 2 um titanium ascorbate 
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enhanced the growth rate and dry matter of these strains, 
but inorganic forms of titaniiim had no significant effect. 
Potassium is reported to enhance the amount of nitrogen 
fixed by 85%. The potassium deficiency decreased nodule 
weight per unit root *reight only at later stages of gro*rth 
of plants (Cadisch et al. 1992). 
Soil Texture t 
Texture of a soil is another important soil factor 
for the growth and survival of bacteria in the soil. 
Dialtof (1967) reported that during wet periods, in a black 
earth soil, aeration was the limiting factor for the nodu-
lation of cowpea, soybean and native legumes. Aarons and 
Ahmad (1987) • *rtiile studying the gro*rth and survival of 
cowpea rhizobia in bauxitic silt loam and sandy clay loam 
soil reported that cowpea rhizc^ia survive better in bau-
xitic silt loam than in clay loam soil. Heynen et a_l. 
(1988) pointed out that protozoa are responsible for the 
decline of rhizobia 1 nuinbers in loamy sand but when ben-
tonite clay was introduced into the loamy sand soil it 
conferred protection of introduced rhizobial cells against 
predation by protozoa. El-Molcadera et a^, (1989) reported 
that the nitrogen content in chickpea tissues «#as higher 
in plants grown in sandy soil inspite of the plant age 
possibly due to better survival of rhizobia in loamy sand 
soil. The persistence of rhizobia on legume seeds could 
be increased after seed pelleting with clay minerals like 
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Kaollne and bentonlte (Hoefllch and Ruppel, 1990). 
Heljnen et al, (1993) £ound that the presence of 
bentonlte clay Increased the growth rate of rhlzobla Intro-
duced Into sterile soil. Fxirther the survival studies 
performed In non-sterile bentonlte amended loamy sand showed 
that the use of high Inoculiim densities Increased the final 
survival levels of Introduced rhlzobla. 
Salinity and Alkalinity : 
Khalldva et al> (1985) while studying the reaction 
of Rhlzoblum melllotl strains to various ccmcentratlons of 
sodium chloride (NaCl) In a nutrient medium fotind that all 
the strains of R. melllotl having varying degrees of viru-
lence were characterized by high salt resistance. The 
strains grown In high salt percentage medium (3%) retained 
the ability to Inoculate the host plant and to fix atmos-
pheric nitrogen, Kassem et a^, (1986) reported that the host 
plant and the symbiotic nitrogen fixation process was more 
sensitive to sodium chloride (NaCl) than the bacteria them-
selves. Slddlque et al^ , (1986) observed that Increasing 
the concentration of salt reduced the number and weight 
of the nodules In pea In sand culture. Desallnlzatlon (45 
days after sowing) Increased the production and growth of 
the nodules. Salinity also reduced the formation of 
leghaemoglobln In the nodules and brought about an ehhanced 
senescenoe whereas desallnlzatlon reversed these effects 
to varying levels. Salt stress ^ es shown to be more severe 
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at alkaline pi (Elshelkh and Wood, 1989). El-Shlnnawl et al. 
(1989) pointed out that sodium chloride (NaCl) was generally 
Inhibitory towards plants and bacteria. Number and charac-
teristics of plant root nodules, dry weight of plants, 
nitrogen content of plants and bacterial colony count 
decreased. Chlorides were most Inhibitory to nodulatlon In 
soil and carbonates In the culture rnedlwn while sulphates 
were least Inhibitory In either case. Formation of effec-
tive nodules on roots of plants grown In sallnlzed soils 
was very poor. Mlrza and Tarlq (1993) suggested that nodxile 
mass and number of nodules formed by Trlfollum alexandrlnum 
decreased with Increasing salinity levels. The nodule size 
remained tinaffected when the concentration of sodium chlo-
ride (NaCl) was upto 0.4%, but at higher concentration the • 
nodulatlon was reduced. Nalr et a^. (1993) pointed out that 
salt tolerant rhlzobla were less efficient In symbiotic 
nitrogen fixation under non-saline growth conditions of 
legxime host possibly due to depression In their nltro-
genase activity during salt stress. Nodule growth was 
significantly reduced In treatments Involving salt acc-
limated rhlzobla. 
Soil Amendment : 
Kakralla et al^ . (1981) found that ceresan Inhibited 
growth of R, leguralnosarum at 1000 ppm while brasslcol did 
not. Brasslcol or ceresan at 2 and 209C had no adverse 
effect on number but decreased fresh weight and volume 
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of nodules. The yield was however, reduced at 2 and 20% of 
oeresan. Daramola elt al^ . (1981) while studying the effect of 
three herbicide formulations le Freforan (2,4, dlnltro-4-
trlfluoromethyl dlphenyl ether), Dacthal (dimethyl 2,3,5,6, 
tetrachlorotetrai*ialate) and Dual (2-ethyl-6-methyl-N-2-
methoxy ethyl chloro-acetanlllde) on Rhlzoblura legume 
symbiosis reported that highest rate of dacthal and pre-
foran decreased nodulatlon. He further pointed out that 
highest rate of dual completely killed the plants within 
14 days of planting. Suneja and Dogra (1985) pointed out 
that both aldrln and lindane seed treatments lead to a 
decrease In the number of survivors on the seeds of Bengal 
gram (Clcer arletlnum) Inoculated with chickpea Rhlzoblum. 
Nodule number, yield and nitrogen content were reduced at 
all concentrations of Insecticides used In soil In compari-
son with the control. 
Rate of nodulatlon (In terms of nodule number and 
dry weight) of Vlgna mungo was slightly Inhibited at lower 
(1.0 urn) and severely Inhibited at higher concentrations 
of urea and ammonium sulphate. The rhlzoblal population 
size was Inhibited with urea but was stimulated with 
ammonium sulphate» thus either form of fertilizers may be 
applied three weeks after germination at very low concen-
tration (Pandey et £l. 1986). Torralba et al^ . (1986) 
observed that atrazlne reduced the number of nodules on 
legume roots. Aggarwal et^  al_. (1986) reported that low 
concentration of carbamate pesticides like 1-najrfithol, 
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dimetllan and trematan have little effect on nodulatlon and 
nitrogen fixation by plsum sativum and Vlgna sinensis In 
the presence of their respective rhlzobla whereas higher 
concentration adversely affected these processes. Fungicides 
exhibit a higher toxic effect on R, trifolii. Captan and 
captafol inhibited nodulatlon of R. trifolii on Trifolium 
alexandrinxim in field conditions (Ruiz et^  aj^ . 1986) .Amitrol 
had a very slight Inhibitory action on R^. meliloti strain. 
But it had a contrary effect on the capacity of nitrogen 
fixation in the nodules (Torralba ejt al_., 1987). Torralba 
et al. (1987) observed that the herbicide 2,4-D had inhi-
bitory effect on growth of rhlzobla but had stimulatory 
effect on nitrogen fixation, Gupta et al_, (1988) while 
studying the effect of bavistln on nodulatlon and yield of 
chickpea pointed out that the highest number of nodules per 
plant and highest grain yield were recorded with treatment 
of 0.1 per cent bavistln followed by rhizobial inoculation 
in chickpea. Martensson et al« (1989) reported that the 
inhibition of nodulatlon and nitrogen fixation in red clover 
(Trifolium pratense) grown in the presence of herbicide 
chlorsulfuran was possibly due to adverse effects of the 
herbicide on plant growth and development. Treatment with 
phosphamldon inhibited rhizobial growth temporarily but 
stimulated nitrogenase activity which declined with passage 
of time in culture medium (Mathur et^  a^. 1989). 
Abd-Alla et al^ . (1993) while studying the effect 
of herbicides brominal and gramoxone on the growth and 
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nodulatlon of viela faba found that all doses of herbicides 
significantly reduced the plant growth idry matter), nodu-
latlon, total nitrogen and carbohydrate contents of shoot 
and roots, proteins, leghaeinoglobln and carbohydrate 
content of cytosol and bacterold fraction were signifi-
cantly inhibited when the plants were treated with doubled 
doses of these herbicides. 
Blotlc Factor 
Soil Microorganisms : 
Mosse (1976) observed that vesicular arbuscular 
mycorrhlzae (VAM) formed a network of fungal hyphae around 
the Infected roots %irhlch Increase the absorbing capacity 
of phosphate In different legumes. He further pointed out 
that growth and nodulatlon of various species of legumes 
were stimulated by mycorrhlzal Infection. There are fungi 
and bacteria which have favourable while others have 
antagonistic effect. The antagonistic effect of fungi 
could be due to myc6toxlns produced by them. The nodu-
latlon In soybean by rhizobla has been known to be reduced 
by Trlchoderma vjrldae. on the other hand Mucor vesl-
culosus Increased the nodulatlon and plant growth while 
Rhlzopus nigricans had no effect on nodulatlon (Angle 
et al_. 1981). Polyanskaya et al_. (1985) reported that by 
adding actlnomycete, streptotnyces olIvoclnereus and 
<Altln to the soil, the nodule bacterium survived at the 
first stage of growth because the nodule bacteria 
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could grow well on the products of Chltln hydrolysis pro-
duced by actlnoroycete. R^ . legxamlnosarxim was later killed 
due to the growth of soil antagonistic actlnomycete. 
Vesicular Arbuscular mycotrhlzae (VAM) fungus of Glomus 
spp. stimulated nodule development and activity under 
drought stress In soybean (Gabor et_ al^ . 1987). Furgal 
et al« (1988) «fhlle studying the effect of culture filtrates 
of the saprophytic fungi on the growth of Rhlzoblum legural-
nosarvun reported that the growth of R. legxjninosarum %*as 
inhibited by culture filtrates of saprojrfiytlc fungi like 
Aspergillus niger, Fusarium solani, penicillliBn notatum 
in pea plants. Ll et^  al» (1988) pointed out that the co-
Inoculatlon of legumes with antibiotic producing bacteria 
(Fseudomonas spp.) and root nodule bacteria resistant to 
these antibiotics was a promising means of promoting nodu-
lation and possibly nitrogen fixation. Pol elt a^, (1989) 
while studying the response of chick pea (Cicer arietinura) 
to combined inoculation with Rhlzoblum, phosphate solubi-
lizing bacteria (Bacillus polymyxa) and Glomus fasclculatum 
reported that G. fasciculatum and phosphobacterium can 
greatly assist syndsiotic nitrogen fixation as well as 
phosphate uptake by chickpea particularly when they are 
grown in soils containing insoluble phosphate. 
M A T E R I A L S A N D M E T H O D S 
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MATERIALS AND MFTHODS 
Seed MatTial and Bacterizatlon 
Seeds of cowpea and lentil cultivars recommended for 
this area and the rhlzoblal culture for cowpea & lentil will be 
obtained from District Agriculture office» Aligarh, The seeds 
will be surface sterilized In IjlOOO parts mercuric chloride 
and rinsed three times with sterilized distilled water. The 
bacterizatlon of seeds will be done by placing the seeds In 
a sltirry of 25 gm of rhlzoblal culture and 25 gm of sugar 
in 100 ml of sterilized distilled water. The seeds will be 
dried at room temperature before sowing. Throughout the 
studies seeds so treated will be sown In soil previously 
autoclaved. 
1, Effect of time of sowing on nodulation : 
The seeds after bacterizatlon will be sown after every 
fifteen days Interval beginning from 15th Feb. - 15th June, 
Observations will be made after 45 days of sowing of seeds, 
2, Effect of different concentration of fertilizers and 
mode of application : 
Ammonium sulphate will be taken as a source of nitro-
gen, muriate of potash as source of potash and superphosphate 
as source of phosphorus. Three concentrations of each of 
these fertilizers will be used namely as normal reconmended 
by department of agriculture, double the normal, and half 
of the normal. These fertilizers would be added to the soil 
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to which bacterlzed seeds would be sown. Doses shall be 
as follows -
Nitrogen Phosphorus Potassium 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
N 
0 
N 
1 / 2 
N 
1 
N 
2 
N 
0 
N 
0 
N 
0 
N 
0 
N 
0 
N 
0 
P 
0 
F 
0 
F 
0 
P 
0 
P 
1 / 2 
P 
1 
P 
2 
P 
0 
F 
0 
P 
0 
K 
0 
K 
0 
K 
0 
K 
0 
K 
0 
K 
0 
K 
0 
K 
1 / 2 
K 
1 
K 
2 
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1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
N 
1/2 
N 
1/2 
N 
1/2 
N 
1 
N 
2 
N 
1/2 
N 
1/2 
N 
1 
N 
1/2 
N 
2 
N 
1 
N 
1 
P 
1/2 
P 
1 
P 
2 
P 
1/2 
P 
1/2 
P 
1/2 
F 
1/2 
P 
1 
P 
1 
F 
1 
P 
1/2 
P 
2 
K 
1/2 
K 
1/2 
K 
1/2 
K 
1/2 
K 
1/2 
K 
1 
K 
2 
K 
1 
K 
1 
K 
1 
K 
1 
K 
1 
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23. N 
1 
24. N 
1 
25. N 
2 
26. N 
1/2 
27. N 
1 
28. N 
2 
29. N 
2 
30. N 
2 
31. N 
2 
Observations will be made after 45 days of sowing. 
3. To study the effect of niuwber of Irrigations and 
amount of water added to the pot : 
Studies will be carried out in 30 an pots. The 
bacterized seeds will be sown as mentioned above. Seed-
lings will be irrigated with -
p 
1 
p 
1 
p 
2 
F 
2 
P 
2 
P 
1 / 2 
P 
1 
P 
2 
P 
2 
K 
1 / 2 
K 
2 
K 
2 
K 
2 
K 
2 
K 
2 
K 
2 
K 
1 / 2 
K 
1 
32 
1/2 litre of water one time each day. 
1/2 litre of water two times each day. . 
1 litre of water one time each day. 
1 litre of water two times each day. . 
2 litre of water one time each day.. 
2 litre of water two times each day. 
Observations will be made after 45 days of sowing of seeds. 
4. Effect of depth of ploughing on nodulatlon ; 
Fields will be divided Into plots 2x2 m and It will 
be ploughed 1" deep, 2" deep and 4** deep by simple hand 
operated plough. The seeds after bacterlzatlon will be 
sown. Observations will be made after 45 days of sowing, 
5. Effect of sximmer ploughing and fallowing : 
To study the effect of summer ploughing and 
fallowing both In summer and winter on the development 
of nodules* scMne of the plots will be ploughed during hot 
sxiromer and will be left uncultivated* Unploughed soil will 
serve as a control, Bacterlzed seeds will be sown, obser-
vations will be made after 45 days of sowing of seeds. 
6. in order to study the effect of alkalinity and sodlclty 
on the development of nodules, alkaline and sodlc soils 
will be collected from fields aro\ind Allgarh. Seeds after 
bacterlzatlon will be sown. Observations will be made 
after 45 days of sowing. 
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Observations 
Throughout the studies observations with regard 
to growth of the plant and nodulatlon will be made after 
45 days of sowing. Plants will be uprooted, length of 
root and shoot, fresh and dry vrelght of the plant will be 
determined. Plants will be washed in running water and 
placed on blotting paper, so that extra water is soaked. 
Length will be determined in cm,and mm.and fresh weight 
on the weighing pan. The plants will be dried at 60 C in 
oven and after having cooled at room temperature, dry 
weight will be determined. There will be ten replicates 
for each treatment and each study will be repeated thrice. 
Nodulatlon will be determined by counting the nunber of 
nodules and size of nodules. Data will be sxibjected to 
statistical analysis to determine the significance, 
Leghaemoglobln content of nodules will be determined 
as follows 
Benzidine hydrogen peroxide method (proctor, 1963) 
will be used for the estimation of leghaemoglobln. 
Nodules will be picked up from the roots and washed 
thoroughly with double distilled water. Fresh nodular 
tissue weighing 500 mg will be crushed and homogenized 
in 9 ml of tris-acetic acid buffer |0,1 M acetic acid 
plus 0.2 M tris (hydroxyImethyl) amino methane to obtain 
a pH of 4.0}. The homogenate will be kept overnight in 
a deep freezer to get complete extraction of Leghaemoglobln, 
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The homogenate will be shaken from time to time to faci-
litate extraction. The volume of homogenate will be made 
upto 10 ml by adding tris acetic acid buffer and centri-
fuged at 3000 rpm for 20 minutes. The supernatant will be 
collected in a test tube. An aliquot of 0,5 ml of super-
natant will be diluted to a final volume of 4,0 ml vrith 
tris acetic acid buffer. To this, 2 ml of freshly pre-
pared benzidine reagent (100 rog benzidine with 0,5 ml of 
hydrogen peroxide of 100 percent by volume added to 50 ml 
absolute alcohol) will be added. The coloxir density will 
be measured at 660 nm on spectrophotometer. The results 
will be expressed in bovine haemoglobin equivalents. 
B I B L I O G R A P H Y 
35 
BIBLIOGRAPHY 
Aarons, S. and M»H. Ahmad (1987), Growth and survival of 
cowpea rhlzobla In bauxltlc silt loam and sandy 
clay loam soils. FEMS MICROBIOL ECOL 45(2) : 77-84. 
Abd-Alla, M.H. and S.A. Omar (1993). Effect of herbicide 
bromlnal on nodulatlon and yield of faba bean. 
SgNTRALBL ATT FUER MIKROBIOLOGIE 148(8) : 593-597. 
Aggarwal, T.c., N. Narula and K.G. Gupta (1986). Effect of 
some carbamate pesticides on nodulatlon, plant 
yield and nitrogen fixation by Plsum sativum and 
Vlgna sinensis In the presence of their respective 
rhlzobla. PLANT SOIL 94(1) : 125-132. 
Agullar, M.M. and A.M. Ashby (1988). Chemotaxls of Rhlzoblum 
legumlnosarum blovar phaseoil towards flavonold 
Inducers of symbiotic nodulatlon genes. J. GEN. 
MICROBIOL. 134(10) : 2741-2746. 
Alroendras, A.S. and P.J. BottcMtiley (1988) Cation and phos-
phate Influence on the nodulatlng characteristics 
of Indigenous serogroups of Rhlzoblum trlfolll on 
eoll grown Trlfollum subterraneum. SOIL BIOL 
BIOCHEM. 20(3) : 345-352. 
Andrew, C.s, and D.O, Noorls (1961). Comparative responses 
to calcium of five tropical and four temperate 
pasture legume species. AUST. J. AQRIC. RES. 12, 
40-45. 
36 
Angle. J.S., B.K. Pugashettl and G.H. Wagner (1981). Fungal 
effects on Rhlzobliim :^ aponlcmn soybean (Glycine max) 
symbiosis. J. AQRON. 78(2) : 301-306, 
Anolles, G.S. and G. Pavelukes (1986). Host symbiont specifi-
city expressed during early adsorption of Rhizobium 
mellloti to the root surface of alfalfa. APPL 
ENVJRON MICROBIOL 52(2) : 377-382. 
Bal, A.K. (1985). Vacuolation and infection thread in root 
nodules of soybean (Glycine max) cultivars prize. 
CYTOBIOS 42(165) : 41-48. 
Bhuvaneshwari, T.v. and S.G. Puejpjpke (1977). The role of 
lectins in plant microorganisms interactions 1. 
Binding of soybean lectin to rhizobia, PLANT PHYSIOL 
60 : 486-491. 
Bohlool, B.B. and E,L« Schmidt (1974). Lectins : A possible 
basis for specificity in the Rhizobium legume root 
nodule symbiosis. SCIENCE. 185 : 269-271. 
Breitenbedc, G.A. and H. Yang (1988), Water facilitated 
dispersal of inoculant Bradyrhizobium japonicum in 
soil, BIOL.FERTIL, SOIL, 7(1) : 58-62, 
Cadisch, G,, R, Sylvester and B.C. Boiler (1992). Effect 
of phosphorus and potassium on nodulation and nitrogen 
fixation in Qentrosema acutifolitun, FIELD CROPS RES. 
31(3-4) : 329-340. 
37 
Caetano, A.G. , A. Lagares and G. Favelukes (1989) . Adsorption 
of Rhlzoblum m e l l l o t l t o a l f a l f a r o o t s : Dependence 
on d i v a l e n t c a t i o n s and pH. PlAirr SOIL 117(1) : 67-74, 
Chal l four , F .P . and N. Benharoou (1989) . i n d i r e c t evidence 
of c e l l u l a s e production by Rhlzoblum In pea root 
nodules during bacter lod d i f f e r e n t i a t i o n . CAN J 
MICROBIOL 35(9) ; 821-829. 
Chandler, M.R., R.A. Date and R.J . Roughley (1982) . Infect ion 
and r o o t nodule development in S ty losanthes spp, by 
Rhlzoblum. J EXF. EOT. 33(132) : 47 -57 . 
Chen, A.T. and D.A. P h i l i p s (1976) . Attachment of Rhlzoblum 
t o legume r o o t s as the b a s i s for s p e c i f i c i n t e r -
a c t i o n s . PHYSIOL PLANT. 38 : 83 -88 . 
C o l l , J . J . , H.H. Schomberg and R.W. Weaver (1989) . E f f e c t i v e -
ness of r h i z o b l a l s t r a i n s on arrowleaf c lover grown 
in a c i d i c s o i l s , SOIL BIOL. BIOCHEM. 21(6) : 755-758. 
Corby, H.D.L. (1989) . Types of r h i z o b l a l nodules and t h e i r 
d i s t r i b u t i o n among the leguminoseae. KIRKIA 13(1) : 
53 -124 . 
Daramola, D. and A. Adebayo (1981) . E f f ec t of herb ic ide 
a p p l i c a t i o n s on Rhizobixim-legume s y m b i o s i s . 
2 PFLENglNER NAEHR BODENKD. 144(2) : 143-148. 
Dazzo, F . 3 . , G.L. Truchet and J . E . Sherwood (1985) . S p e c i f i c 
phase of root hair attachment i n the Rhlzoblum 
t r i f o l i l and c lover symbios i s . APPL. ENVIRON.MICROBIOL. 
86(6) ! 1140-1150. 
38 
DeFarla, S.M,, G.T. Hay and J.I. Sprent (1988). Entry of 
rhlzobla Into roots of Mimosa scabrella. Bentham 
occurs between epidermal cells. J. G^ IN. MICROBIOL. 
134(8) I 2291-2296. 
Dharrotilake, A.J. and W.D. Bauer (1992). Chemotaxls of 
Rhlzoblum melllotl towards nodulatlon gene-inducing 
compounds from alfalfa roots. APPL. ENVIRON.MICROBIOL. 
58(4) : 1153-1158. 
Dialtoff, A. (1967). Effect of nitrification of a black 
earth soil on legume nodulatlon. QUEENSLAND. J.AGRIC. 
ANIM. SCI.24 : 323^327. 
Dudeja, S.S. and A.L. Khurana (1989). Effect of high tem-
perature on chemotaxls of rhlzobla towards plgeonpea. 
ANN. BIOL. 4: 66-69. 
El-Mokadem, T, Mereshan, A. Fatma and S.A. Sheteawl (1989). 
Associative effect of Azospirlllum lipoferuro and 
Azotd&acter chroococcum with Rhlzoblum spp, on 
mineral composition and growth of chickpea (Cicer 
arietinum) on sandy soils. ZENTRALBL. MIKROBIOL. 
144(4) I 255-265. 
Elshelkh, E.A.E. and M. Wood (1989). Response of chickpea 
and soybean rhlzobla to salt : influence of carbon 
source, temperature and pH, SOIL.BIOL.BlOCHSM. 
21(7) : 883-888. 
El-Shlnnawl, W.L. , M.M. Nafisa and A. El-Saify (1989). 
Influence of the ionic form of mineral salts on 
39 
growth of horsebean and Rhlzoblum japonlctira legumlno-
sarum. ZENTRALBL, MIKROBIOL. 144(6) : 372-380, 
Fahraeus, G. (1957). The Infection of clover root hairs by 
nodule bacteria by simple glass slide technlc^ue. 
J. GEN. MICROBIOL, 16 j 374-381. 
Fahraeus, G. and H. Ljunggren (1968). pre-lnfectlon phases 
of the legxune symbiosis. In : THE ECOLOGY OF SOIL 
BACTERIA, (eds) pp. 396-421. 
Foulds, W. (1971), Effect of drought on three species of 
Rhlzoblum. FL. SOIL. 35 : 665-667. 
Frelre, J.p.J. (1976). Exploiting the legume Rhlzoblum 
symbiosis In tropical agriculture, UNiv. OF HAWAII, 
HONOLULU, pp. 273-274. 
Furgal, R. and Helena (1988). Effect of culture filtrates 
of the saprophytic fungi Isolated from pea and field 
pea roots and nodules on the growth of Rhlzoblvim 
legumlnosarum. ACTA MYCOL. 23(1) : 3-18. 
Gabor, J.B.M. and K.L. Mlhara (1987). Effects of mycorrhlza 
on nodule activity and transpiration In soil. 
PLANT PHYSIOL. 85 j 115-119. 
Gemell, L.G. and R.J. Roughley (1993), Field evaluation In 
acid soils of strains of Rhlzoblum legumlnosarum bv. 
trlfolll selected for their tolerance or sensitivity 
to acid soil factors In agar medlxim. SOIL BIOL. 
BIOCHEM. 25(10) : 1447-1452. 
40 
Gober. J.W. and E. Kashket (1984). potassium regulates 
bacterlod associated functions of Bradyrhlzoblum, 
FROC. NATL, ACAD. SCI. USA 84(13) : 4650-4654. 
Gupta, R.P. and D.P. Singh (1988). Seed treatment with 
bavlstln and Rhlzoblxjm and Its effect on wilt Inci-
dence, nodulatlon and yield of chickpea. PESTICIEES 
(BOMBAY). 22(2) j 9-10. 
Habte, M. and S.A. El-Swalfy (1988), Survival of Rhlzoblum 
In an oxlsol subjected to Incremental simulated 
erosion, SOIL SCI. SOC. AM. J. 52(5) ; 1313-1316. 
Hamblln, J, and S.F. Kent (1973). Possible role of phyto-
haemagglutlnln In Phaseolus vulgaris symbiosis. 
NATURE NEW BIOL. 245 : 28-30. 
Heljnen, C.E,, S.L.G.E, Burgers and J.A. Vanveen (1993), 
Metabolic activity and population dynamics of 
rhlzobla Inoculated Into unamended and bentonlte 
amended loamy sand, APPL. ENVIRON. MICROBIOL, 59(3) : 
743-747, 
Helemlsh, F.A. and S.M.A, El-Garamal (1987). Salt and pH 
tolerance of Rhlzoblum legumlnosarum, TAL 271. 
23ENrRALBL. MIKROBIOL, 142(3) : 211. 
Heynen, C.E,, J,D. Vanelsas, P,J. Kullonan and J.A .Vanveen 
(1988). Dynamics of Rhlzoblum legumlnosarum blovar 
trlfolll Introduced Into soil; the effect of bento-
nlte clay on predatlon by protozoa. SOIL BIOL.BIOCHEM. 
20(4) : 483-488. 
41 
Hoefllch, G. and S. Ruppel (1990). Seed pelleting and seed 
coating for lengthening survival of Inoculated 
bacteria In the seed and In the rhlzosphere, 
glTTRALBL MIKROBIOL. 145(2) i 99-106. 
Idrls, M., H, Khan and F. Mehmood (1988). Effect of Rhlzobliira 
Inoculation and application of phosphate on the growth, 
yield and nitrogen fixation of soybean. MIRCRW. J. 
APPL. MICROBIOL. BIOTECHNOL. 4(2) i 215-220. 
iruthayas, E.E. and K. Vlassak (1986). The effect of soil 
pti on nodulatlon and nitrogen fixation of winged bean 
Fsophocarpus tetragonolobus Rhlzoblxim strains, 
ZPFLAN2gNERNAE HR. BOEEND 148(5) : 544-550, 
iswaran, v., W.V.B. Sxindara Rao, and K.S. Jauhrl (1970). 
Nodulatlon under unfavourable soil conditions. 
CURR. SCI.. 301 : 93-94. 
Kakralla, O.P. and R.s, Mehrotra (1981), Effect of ceresan 
(dry) and brasslcol on Rhlzoblum legumlnosarxun (In 
vitro) and its symbiotic relationship, GEOBIOS 
(JODHPUR) 8(3) : 103-105. 
Kassem, M., A. Capellano and A.M. Gounot (1986), Effect of 
sodiixn chloride on in vitro growth, infectlvity and 
effectiveness of Rhlzoblum melilotl. MIRCEN J. APPL, 
MICROBIOL. BIOTECHNOL, 1(1) : 63-76. 
Khaildva, G.F., R.R. Kamar, T.P, Larkova, V.K. Shilnikova 
and B.F, strogonov (1985). Reaction of Rhizctoium 
me 
42 
lHotl strains to various sodiuum chloride concen-
trations in a nutrient medium. IZVTIMIRYAZRVS-KHAKAD. 
0(4) : 91-95. 
Kosenko, L.V., V.N. Rangelova and A.F, Antlpchuk (1989). 
Polysaccharides of Rhizobium legurrinosarum and their 
interaction with host plant lectins. MIKROBIOL. 2H 
(KIEV). 51(5) : 71-77. 
Kucey, R.M.N, and M.F. Hynes (1989). Populations of Rhizobium 
leguminosarum blovars phasedi and viceae in fields 
after bean or pea in rotation with non-leg\imes, 
CAN. J. MICROBIOL. 35(6) : 661-667. 
Li, D.M. and M, Alexander (1988). Co-Inoculation with anti-
biotic producing bacteria to increase colonization 
and nodulatlon by rhlzobia. PLANT SOIL. 108(2) : 
211-220. 
Lipsanen, F, and K. Lindstorm (1986), Adaptation of red 
clover (Trifoliura pratense) rhlzobia to low tempera-
ture. PLANT SOIL. 92(1) : 55-62. 
Malek, W. (1989). Chemotaxis in Rhizobium raellloti strain 
L5.30. ARCH MICROBIOL. 152(6) i 611-612. 
Martensson, A. and A. Nilsson (1989). Effect of chlor-
sulfuran on Rhizobium grown in pure culture and 
in symbiosis with alfalfa (Medicaqo sativa) and red 
clover (Trifollum pratense). WEED SCI. 37(3) j 
445-450. 
43 
Mathur, s. and N. Mathur (1989). Growth and nltrogenase 
activity In free living cultxires of Rhizobium as 
affected by treatment of phosphamldon. ACTA BOT. 
INDTCA. 17(2) : 287-289. 
McCoy, E. (1932). Infection by bacteria Radlcicola in 
relation to the microcheinlstry of the hosts cell 
walls. PR PC. R. sex:. LONDON SER. B. 110 : 514-533. 
Mengel, D.B. and E.J. Karaprath (1978). Effect of soil pH 
and liming on growth and nodulation of soybeans in 
histosols. AGRON.J. 70 : 95 9-963. 
Mlrza, J.I. and R. Tarlq (1993), The growth and nodulation 
of Trlfolluro alexandrinum as affected by salinity. 
BIOL. PLANT (PRAGUE). 35(2) : 289-292. 
Mosse, B., C.L. Powell and D.S. Hayman (1976). Plant growth 
response to vesicular arbuscular mycorrhiza IX. Inter-
actions between VA mycorrhiza, rock phosphate and 
symbiotic nitrogen fixation. NEW PHYTOL. 76 : 331-342, 
Mowad, H.M. and M. Gohar (1987). Effect of fertilization 
with micronutrients in sandy soils in faba beans. 
J. MICROBIOL. 57-64. 
Munns, D.N., R.L. Fox and B.L. Koch (1977). influence of 
lime on nitrogen fixation by tropical and temperate 
legumes. PLANT SOIL. 46 : 591-601. 
44 
Nalr, S.. P.K. Jha and C.R. Babu (1993). Induced salt 
tolerant rhizobla from extremely salt tolerant 
Rhlzobixam gene pools, form reduced but effective 
aymblosls under non saline growth conditions of legume 
hosts. MICROBIOS. 74(298) : 39-51. 
Nutraan. P.S. (1959). Some observations on root hair Infec-
tion by nodule bacteria. J. EXP. BOT. 10 : 250-262. 
Osa-Aflana, L.O. and M. Alexander (1982). SOIL SCI. SOC. 
AM. J. 46 : 285-288. 
Fandey, R.F., V.N.p. Gupta, R.C. Srlvastava and S.N.Mathur, 
(1986), Nodulatlon and nitrogen fixation of blackgram 
In response to the application of urea and ammonium 
sulphate : Some In vitro studies on rhlzoblal popu-
lation. THAI.J. AGRIC. SCI. 19(2) : 103-114, 
Perez, G.R., J. Corzo, M.L. Barrios and A.M.G. Navarro 
(1989). Aromatic amino acid aminotransferases In 
Rhlzoblum legumlnosarum blovar trlfolll. SOIL BIOL. 
BIOCHEM. 21(4) : 573-580, 
Pol, S.C. and M.C. Kabl (1989). Response of chickpea to 
combined Inoculation with rhlzobla, phosphobacterla 
and mycorrhlzal organisms. gNTRALBL. MIKROBIOL. 
114(4) : 248-253. 
Polyanskaya, L.M., p.A. Kozhevln and D.G. Zvyag-Intsev, 
(1985). Stimulation and elimination of nodule bacteria 
In soil Into which the actlnomycete and chltln are 
added. MIKROBIOLOGIYA 53(6) : 1012-1015, 
45 
Fostma, J , , J .A. Vanveen and s . Walter (1989). Influence of 
d i f f e r e n t I n i t i a l s o i l moisture contents on the 
d i s t r i b u t i o n and populat ion dynamics of Introduced 
Rhlzobltan legumlnosarum blovar t r l f o l l l . SOIL BIOL» 
BIOCHEM. 21(3) ; 437-442 . 
P o t a l l a , B . S . , D.S. Yadav and v . K . Gupta (1987). Nitrogen 
s t r e s s In chickpea as a f f e c t e d by Rhlzobluw I n o c u l a t -
i o n , Zn and Mb a p p l i c a t i o n . ZENTRALBL MIKROBIOL. 
143(3 ) : 205-209. 
Prakash, N , , V.C. Kalla and V.K. Sharraa (1986). Bacterlod 
branching. INDIAN.J. EXP. BIOL. 23 (12) : 692-696. 
p r o c t o r , M.H. (1963). A note on haemoglcA>ln e s t i m a t i o n . 
N .2 . J. S c l . 6: 6 0 - 6 3 . 
Ral , R. and V. Prasad (1983) . E f f e c t of s o i l a c i d i t y f a c -
t o r s on nodulat lon , a c t i v e ion content of nodules 
and r e l a t i v e e f f i c i e n c y of symbiotic ni trogen f i x a -
t i o n by mutant s t r a i n s of Lens e scu lanta . INP. j . 
AGRIC. SCI. 100: 607-612 . 
R i c e , W.A. and P.E. Olsen. (1988) . Root temperature e f f e c t s , 
on competition for nodilie occupancy between two 
Rhlzobium m e l i l o t l s t r a i n s . BIOL FERTIL SOILS ^ ( 2 ) : 
137-140. 
Rovira, A.D. (1969) . Plant r o o t exudates , BOT. RT^V. 35: 
37-57. 
46 
Ruiz. S.J.E., R.A. Bellogln, R. J. Diaz, A.M.G, Navarro 
and J.F, Sllva (1985), Effects of Insecticides and 
fungicides on the growth and survival and symbiotic 
properties of Rhizobium trifolii, AN,INST. NAC. 
INVEST. AGRAR. SER. AGRIC. 28(1): 85-98, 
Sanoria, C.L. and B.R. Maurya (1987). Studies on seed 
Inoculation effects of the rhizoblal strains vdLth 
and without co-inoculants and phosphate on nodula-
tlon, INDIAN. J. AGRIC. CHEM. 19(2): 117-124. 
Sharma, F.K, and K, Laxminarayana (1989), Effect of high 
temperature on plasmid curing of Rhizobium spp, 
in relation to nodulatlon of pigeon pea (Cajanus 
cajan), BIOL FERTIL SOILS 8(1): 75-79, 
Siddique, S., S, Kumar and H.R. Sharma (1986), Studies on 
the effects of salinization on nodulation and 
nitrogen fixation in pea, PLANT PHYSIOL 28(4): 
369-375. 
Simon, L. and I, Pais (1990), Effect of titanium on growth 
of Bradyrhizobium japonicum. ACTA MICROBIOL 39(1/2): 
51-58. 
Smlt, G., J,W, Kljne and B.J.J, Lugtenberg (1987) Involvement 
of both cellulose fibrils and a calcium dependent 
adhesin in the attachment of Rhizobiuw leguminosarum 
to pea root hair tips. J, BACTERIOL 169(9): 4294-4301. 
47 
Suneja, S and R.C, Dogra (1985), Effect of aldrln and 
lindane seed treatment on symbiosis of chickpea 
Rhlzoblim with Bengal gram (Cicer arletlntim)> TROP. 
AGRIC. 62(2): 110-112. 
Torralba, R.B., M.F. Rodriguez, A.L.V. Moreno and M.R. Bellon 
(1987). Amltrole action on Rhlzoblum welllotl T,A. 
AN. EDAFOL AGROBIOL. 45(7/8): 1079-1086. 
Torralba, R.B., M.F, Rodriguez, A.L.V. Moreno (1986). Action 
of atrazlne on the growth and nodulatlon of two 
strains of Rhizoblwn. AN EDAFOL. AGROBIOL. 45: 817-826. 
Torralba, R.B., A.L.V. Moreno and M. Marrolg. (1987) Effect 
of herbicide 2-4 D on Rhlzoblum me11lot1 T.A. 
(Rhlzoblaceae). BOL.R.SOC.ESP. HIST. NAT. SECC, BIOL. 
83(1-4): 221-228. 
Troltskaya, G.N. and N.A. Severova (1987). Influence of 
Rhlzoblum japonlcum strains and cobalt fertilizers 
on the content of cobalt free corrlnolds and ylt B.j 
In soybean root nodules FIZIOL RAST (MOSC). 33(6): 
1199-1208. 
Venkateshwarlu, U. and I.P.S. Ahlawat (l993). Effect of 
soil molstxire regime, seed rate and phosphorus 
fertilizer on growth and yield of late sown lentil 
(Lens cullnaris). INDIAN JOURNAL OF AGRONOMY 38(2): 
236-243. 
48 
Verma, V. (1985). Textbook of Economic feotany (4 ed,, 
rev, and enl.). E)elhl, Emkay Pubs, 
Ward, H,M. (1887), On the tubercular s«relllngs on the 
roots of Vlcla faba PHILQS TRANS, R. SOC. LONDON 
SER.B. 178: 539-562. 
Yousef, A.N., M.S. Naowm and B,H. Munaam (1989). Interac-
tive effects of Inoculation and Irrigation on 
growth and yield of mung bean (Vlgna radlata) Plants, 
J. AGRIC WATER RRSOUR RES SOIL WATER RESOUR. 8(1): 
95-110. 
